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Contrasts  In  the  coercivities  of  SmCOs  and  SnUsCOiT-type 
permanent  magnets 
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We  have  eitiacted  the  intrintic  coeravity,  latufatioii  nagnetizatiaa,  and  aaiaoliDpy  field  from  M>H  loop 
meatuieaienis  in  the  TDK  Sni](Co,  Fe,  Cu,  Zr)if  and  the  Hitachi  SmCO)  pennanent  mfneir  matcfiab  fitm 
liquid  hehum  to  (oom  tempentuie.  The  TDK  aample  eihfliiti  a  ooercivity  in  the  hard  direction  ndiich  it 
larfer  than  in  the  easy  directian,  while  the  reverie  lituatiao  it  true  for  the  SmCo,  tample.  TUt  behavior  it 
linked  to  the  dMterence  in  the  mechanitmt  of  mifnctiiation  dominating  the  tample,  wall  domain  motion  for 
the  TDK  tample,  and  domain  nucleation  for  the  SmCo,. 

PACS  nurnben:  73.60.  -  d,  7S.S0.Cc,  7S.3aOw 


IHTRODUCTION 

The  Increasing  utilization  of  the  SmCoj-type 
permanent  magnets  In  mlcrowave/mllllmeter  wave  tubes 
Is  due  to  their  good  saturation  magnetizations  cou¬ 
pled  with  extraordinarily  high  coercivities.  The 
Sm2Co^y-type  magnets,  though  displaying  smaller  but, 
for  many  purposes,  adequate  coercivities,  have  even 
higher  saturation  magnetization  than  the  SmCoj 
types,  thus  affording  the  possibility  of  greatly  In¬ 
creased  energy  products,  (BH)  max.  Because  of  ex¬ 
tensive  current  use  of  such  materials  In  microwave 
devices  tdiere  temperature  stability  Is  of  great  Im¬ 
portance,  It  Is  of  Interest  to  compare  the  tempera¬ 
ture  dependences  of  the  magnetic  properties  of  their 
connerclal  or  proposed  cotmaerclal  fonu.  According¬ 
ly,  we  have  Investigated  a  cube-shaped  aample  from 
TDK  Company,  Japan  with  a  nominal  composition 

®“2C‘>10.3^*3.13^'0.194‘*“1,48 

transition  metal  to  samarium  content  of  Z  •  7.4  and 
a  second  cube  of  composition  SmCoj  furnished  by 
Hitachi.  Microscopic  observations  of  the  former 
type  of  material  Indicate  the  presence  of  a  copper¬ 
concentrated  second  phase  precipitate  which  com¬ 
prises  the  boundaries  of  a  500  A  cellular  structure 
(1)  with  domain  wall  pinning  as  the  dominant  dynamic 
mechanism  of  coerclvlty.  In  contrast,  the  coerclvl- 
ty  of  the  SmCoj  material  Is  presumed  to  be  primarily 
nucleatlon-controlled  (2) . 

EXPERIMENTAL  RESULTS 

He  have  made  H-H  loop  measurements  In  both  the 
hard  (  6  -  90°)  and  easy  (S'  0°)  magnetic  directions 
of  these  materials  from  liquid  helium  to  room  tem¬ 
perature  with  an  Integrating  fluxmeter  and  a  super¬ 
conducting  magnet  capable  of  providing  fields  up  to 
100  kOe.  From  these  measurements  we  have  extracted 
the  temperature  dependences  of  intrinsic  coerclvlty, 
anisotropy  field  and  saturation  zuignetizatlon. 

These  qusntltles  are  displayed  for  the  TDK  samples 
f  ^In  Figures  la,  2a  and  3a,  respectively,  and  for  the 
V  ii^gitachl  SmCo.  material  In  Figures  lb,  2b  and  3b. 

Figure  le  shows  that  for  the  TDK  material  the 
l^Jcoarclvlty  in  the  hard  direction  is  greater  than 
aMJthat  in  the  easy  direction  over  the  entire  tempera- 
^^ure  range  measured,  with  maxliaim  values  at  OK  of  17 
"  Tiod  ISkOe,  respectively.  For  SmCo.  the  relationship 
of  the  coercivities  in  the  hard  and  easy  directions 

B  reversed,  with  OK  values  of  36  and  43kOe,  respec- 
vely.  He  note  that  the  curves  in  Figure  la  can  be 
tted  by  expressions  of  the  form 

jHg  “In  A  exp  (-kjT/Ej)  Aj  sxp  (-kjT/Ej).  (1) 
Values  for  the  A's  and  E's  are  tabulated  in  Table  I. 


TABLE  I.  Parameters  for  linear  portions  of  coer¬ 
clvlty  curves. 


Segment 

Slope 

InAj^ 

El 

(Oe/K) 

(kOe) 

(ergs)xlO 

Easy  TDK,  T<60K 

-81.0 

15.50 

0.017 

Easy  TDK,  T>100K 

-13.5 

10.46 

0.102 

Hard  TDK.  T<150K 

-26.4 

17.50 

0.052 

Hard  TIHC,  T>150K 

-33.4 

18.70 

0.041 

Easy  SmCo.,  T<60K 

-28.2 

43.0 

0.049 

Easy  SmCoj,  T>120K 

-63.2 

46.15 

0.022 

Hard  SmCo.,  T<100K 

-96.0 

38.00 

0.014 

Hard  SmCoj,  T>200K 

-87.0 

47.8 

0.016 

The  SmCo.  Hitachi  sample  shows  an  Intrinsic 
coerclvlty  in  the  easy  direction. of  magnetization  of 
the  form  of  expression  (1),  decreasing  from  43.1  kOe 
at  OK  to  27.2kOe  at  300K.  For  the  hard  direction, 
the  curve  also  shows  two  regions  of  linear  decrease 
in  coerclvlty  with  temperature  but  with  an  anomolous 
peak  of  32kOe  between  them  at  about  175k. 

The  anisotropy  fields  are  defined  as  the  values 
of  applied  field  at  which  the  M-H  curves  for  the 
hard  and  easy  directions  converge.  Because  the 
measured  H^  are  higher  than  our  maximum  applied 
field  of  lOOkOe,  extrapolation  Is  necessary.  The 
values  thus  obtained  are  then  corrected  by  subtract¬ 
ing  4IIM  /3,  the  demagnetization  field  for  a  sphere. 
Since  this  correction  Is  less  than  three  percent  In 
all  cases,  the  inaccuracy  Introduced  by  applying  a 
spherical  correction  to  a  cube  is  negligible.  Fig¬ 
ure  2a  shows  that  the  anisotropy  field  of  the  TDK 
material  decreases  linearly  from  166k0e  at  4.2  to 
115k0e  at  300K  with  a  slope  of  0.186kOe/K. 

Because  of  the  larger  extrapolations  necessary 
to  obtain  the  anisotropy  fields  for  SmCOj,  consider¬ 
ably  more  scatter  appears  in  its  vs  T°curve  than 
in  that  for  the  TDK  specimen.  (Compare  Figures  2a 
and  2b.)  Further,  because  of  the  regions  of  very 
high  nucleation  field  known  to  be  scattered  through¬ 
out  the  SmCOj  (2),  the  hysteresis  loops  are  slightly 
skewed  so  that  the  extrapolated  anisotropy  fields 
are  different  for  the  first  and  third  quadrants. 

Both  sets  of  extrapolated  data  are  constant  with 
twapcratura  to  within  the  precision  of  the  experi¬ 
ment,  with  an  average  value  of  200k0e  t  20k0e. 

The  saturation  magnetisation  (AvM^)  of  the  TDK 
specimen  decreasaa  imiotonically  from  10.8  kG  at 
absolute  zero  to  10.2  kC  at  room  temperature,  while 
that  of  the  SmCo.  remains  relatively  constant  (8.8 
W  St  OK)  up  to  about  250R  beyond  which  it  falls 
to  8.6  kG  at  300R.  (See  Figures  3a  and  3b.) 
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Discussion 


Th«  drop  la  coorclvo  force  with  lacreaelng 
teaperaCurc  aay  be  the  reeulc  of  two  contrlbutlone: 

(1)  the  decrease  of  both  anisotropy  field  end  sat¬ 
uration  nagnetiaetlon  with  Increasing  tenperature; 

(2)  the  Increaee  In  theraal  vibrational  energy  of 
the  ferroaagnetlc  donain  tnlls  with  rising  teapera- 
tura.  For  the  TDK  saaple  whoae  coerclvlty  In  the 
easy  direction  la  controlled  by  doaain  well  pinning, 
the  first  contribution  can  be  estlaated  with  the 
foraula  for  coercive  force  given  by  Paul  (3) . 

jHp  -  i  W(n  +  o)/3.  (2) 

where  A,  W,  n  anl  a  are  assuaed  to  be  independent  of 
T.  Equation  2  is  applicable  to  doaain  wall  pinning 
by  defects  of  narrow  width  W  and  aaall  deviations 
froa  the  host  aaterlal  in  anisotropy  n  and  exchange 
a.  The  quantities  and  A  are  the  bulk  anisotropy 
field  and  exchange  constant,  respectively.  We  see 
froa  this  expression  that  the  contribution  of  the 
anisotropy  field  to  the  coercive  force  is  in  propor¬ 
tion  to  its  3/2  power.  Substitution  of  our  experi¬ 
mental  data  for  and  into  (2)  yields  an  approx¬ 
imate  value  for  ^H^(4.2K)/H^(300)  of  1.8,  compared 

with  the  value  of  2.4  observed  experimentally.  We 
are  not,  however,  able  to  obtain  a  quantitative 
model  for  the  change  in  slope  at  approximately  80K.. 
One  must  also  consider  the  effect  of  contribution 
(1)  to  the  coercive  force  due  to  the  reduced  diffi¬ 
culty  in  nucleating  domain  walls  iflth  increasing 
temperature.  For  this  we  do  not  yet  have  any  ana¬ 
lytic  expression.  Contribution  (2),  the  increase 
in  thermal  vibrational  energy,  was  considered  by 
Gaunt  (3)  who  shoired  that  the  change  in  coercive 
force  with  tenperature  due  to  this  mechanism  can  be 
written  as 

A  •  25fcjT/MA'W,  (3) 

where  A*  is  the  domain  wall  area.  The  magnitude  of 


in  the  foraula  is  difficult  to  estimate  without: 
a  knowledge  of  the  other  pareaeters.  The  formula 
does,  however,  predict  a  linear  decline  of  coercive 
force  with  tenperature  and  thus  cannot  account  for 
the  change  in  slope  sc  T  >  SDK  unless  one  assumes  a 
change  in  A*  or  W  at  that  tc^erature.  The  other 
coercive  force  vs  tenperature  graphs  (i.e.,  TDK  mag¬ 
netised  in  the  hard  direction  and  SnCo,  in  either 
direction)  reflect  rotation  and/or  nucleation  domin¬ 
ation  and  we  do  not  have  any  am’.lytic  expressions 
for  then. 

The  hlgner  in  Che  hard  direction  of  the  TDK 
material  is  as  expected  for  a  material  in  which  do¬ 
main  wall  pinning  is  Che  dominant  coerclvlty  mechan¬ 
ism.  Indeed,  a  reciprocal  cos  e  dependence  results 
from  several  different  pinning  models  (5,6,7)  for 
such  systems,  most  notably  that  of  Kondorsky  (5). 

The  case  of  nucleation  controlled  coerclvlty,  as 
in  SmCoj,  is  somewhat  more  complex.  Here  the  rela¬ 
tive  magnitude  of  H^(0)  and  H{.(90°)  depends  upon  the 
maximum  magnetising  field  H^  to  which  the  sample  has 
been  subjected  prior  to  and  in  the  direction  of  the 
coerclvlty  measurement.  According  to  this  model  (2), 
if  1^  is  sufficiently  high,  that  is  of  the  order  of 
a  quarter  or  greater  of  the  maximum  observed  coer¬ 
clvlty,  H  (0)  will  exceed  H^(90°).  In  our  measure¬ 
ments  is  close  to  lOOkOe  while  the  largest  coer¬ 
clvlty  is  only  43kOe.  Thus,  the  condition  for  a 
larger  easy  direction  coerclvlty  is  easily  satisfied 
and  is  conslatent  with  the  experimental  results. 
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